1. Introduction {#sec1-ijerph-16-00137}
===============

According to the latest United Nations Educational Scientific and Cultural Organization (UNESCO) report on global literacy, there are 114 million illiterate adolescents and youths (15 to 24 year olds) around the world, two-thirds of whom are female \[[@B1-ijerph-16-00137]\]. Despite widespread acknowledgement of this problem, between 2000 and 2015, global literacy rates were estimated to have improved by just 4%. Studies have shown that poverty has a considerable impact on psychological functioning and that, for children, this impact increases in severity the longer they live in poverty \[[@B2-ijerph-16-00137],[@B3-ijerph-16-00137],[@B4-ijerph-16-00137]\].

Progress in the Philippines to address national literacy rates has been slow \[[@B5-ijerph-16-00137]\]. The literacy rate of individuals aged 15 to 24 years improved from 93.4% in 2003 to 98.1% in 2013 \[[@B6-ijerph-16-00137],[@B7-ijerph-16-00137]\]. This improvement is likely to be due to increased school opportunities, education expansion, better access to barangay (small administrative divisions in the Philippines) health stations, improvement in general health status, decreased poverty rate, and reduced burden of diseases \[[@B8-ijerph-16-00137],[@B9-ijerph-16-00137]\]. However, this may also partly be due to measurement errors, and differences in survey designs and tools used by the national statistics office in different years \[[@B10-ijerph-16-00137]\]. Despite the overall improvement, there are areas in the Philippines where functional literacy remains low \[[@B11-ijerph-16-00137]\].

There are numerous measurement tools available to assess different domains of cognitive function at different stages of childhood \[[@B12-ijerph-16-00137],[@B13-ijerph-16-00137]\]. One indicator at the population level is functional literacy. Although the meaning of functional literacy varies between countries, regions, and cultures, it is generally understood to be the ability to use a set of cognitive skills to engage in reading, writing, and numeracy for effective functioning and development of individuals and their communities. Conversely, functional illiteracy is therefore defined as the inability to use cognitive skills to engage in reading, writing, and numeracy \[[@B14-ijerph-16-00137]\].

Previous studies have demonstrated a clear link between literacy and cognitive abilities \[[@B15-ijerph-16-00137],[@B16-ijerph-16-00137]\]. Cognitive development of children is influenced by the interplay of several factors. Evidence from longitudinal studies in children indicates that neurocognitive development is impacted by nutritional status, poverty, stress, low maternal education attainment, less nurturing child-rearing environments, younger maternal age, living in a rural environment, and poor psychosocial stimulation at home and at school \[[@B17-ijerph-16-00137],[@B18-ijerph-16-00137],[@B19-ijerph-16-00137]\]. Cognitive processes that result in functional illiteracy can be influenced not only by individual and household factors but also by environmental determinants. Cognitive impairments are multifactorial in nature and both non-communicable (e.g., malnutrition) and communicable diseases (e.g., malaria and neglected tropical diseases) are known contributors \[[@B20-ijerph-16-00137]\]. The exposure to many of these conditions is determined by anthropogenic environmental factors (i.e., human impacted habitat conditions) such as sanitation, urbanisation, and overcrowding \[[@B21-ijerph-16-00137]\], and natural environmental factors such as elevation, temperature, and water availability \[[@B22-ijerph-16-00137]\].

Functional literacy indicators are likely to vary between locations given the geographical variability of its major determinants. This property poses a challenge to decisions around efficient allocation of population services and resources to mitigate the impact of functional literacy in populations most in need. The application of spatial epidemiological approaches has been useful for identifying areas where the risk of diseases is at its highest and for highlighting areas where interventions are most needed. Spatial epidemiological approaches have been utilised to address such challenges globally \[[@B22-ijerph-16-00137],[@B23-ijerph-16-00137],[@B24-ijerph-16-00137]\], and in the Philippines, mainly looking at infectious diseases such as soil-transmitted helminths \[[@B25-ijerph-16-00137],[@B26-ijerph-16-00137],[@B27-ijerph-16-00137]\]. However, at present no study has attempted to investigate the spatial epidemiology of functional illiteracy and quantify the role of different determinants in functional illiteracy. Such a study would provide an evidence base for understanding local burden of functional illiteracy and assist in geographical targeting of interventions.

In this study, we aimed to quantify geographical disparities in functional literacy in the Philippines and the role of socioeconomic status (SES), water supply, sanitation and hygiene (WASH), household education stimuli, and environmental variables in the observed geographical disparities.

2. Materials and Methods {#sec2-ijerph-16-00137}
========================

2.1. Study Area {#sec2dot1-ijerph-16-00137}
---------------

The Philippines is situated in Southeast Asia in the western Pacific Ocean and consists of 7107 islands in three main geographical regions: Luzon, the Visayas, and Mindanao \[[@B7-ijerph-16-00137]\]. The smallest administrative division is the barangay (average diameter of 11 km) of which there are a total of 42,028 \[[@B7-ijerph-16-00137]\]. At the last census (2015), the total population was 100.98 million, up from 92.34 million in the previous census (2010), with \~30 million individuals aged 5 to 19 years \[[@B6-ijerph-16-00137]\]. Ethical clearance for this analytical study was provided by the University of Queensland School of Medicine Low Risk Ethical Review Committee (clearance number 2014-SOMILRE-0100), and approved on 20 June 2014.

2.2. Data for Analysis {#sec2dot2-ijerph-16-00137}
----------------------

### 2.2.1. The 2008 Functional Literacy, Education and Mass Media Survey (FLEMMS) {#sec2dot2dot1-ijerph-16-00137}

The 2008 FLEMMS is the fourth in a series of functional literacy surveys conducted in the Philippines. The previous three rounds were conducted in 1989, 1994, and 2003. The 2008 FLEMMS survey used the 2003 survey master sample (MS) created for household surveys on the basis of the 2000 Census Population and Housing (CPH) results \[[@B11-ijerph-16-00137]\]. In brief, for each region, a three-stage sampling scheme was used: the selection of primary sampling units (PSU) for the first stage, of sample enumeration areas (EA) for the second stage, and of sample housing units for the third stage. The FLEMMS sampling scheme is described in detail in [Text S1](#app1-ijerph-16-00137){ref-type="app"}. The heads of households were administered with the household questionnaire, and all information was gathered by trained interviewers (a copy of the FLEMMS forms available for reference from corresponding author). All members 10 to 64 years old in the sampled households, regardless of educational attainment, were provided with a self-administered individual questionnaire (prepared in English and translated into 26 local languages commonly spoken in the selected sample areas) \[[@B11-ijerph-16-00137]\]. The design of FLEMMS was verified and the survey was conducted by trained interviewers, with high response rates. Furthermore, data collected from the survey were cleaned and verified by the national statistics office. Additional information on the design of the survey and how the data were processed are detailed in the FLEMMS report \[[@B11-ijerph-16-00137]\].

### 2.2.2. Functional Literacy Data {#sec2dot2dot2-ijerph-16-00137}

Functional literacy rates were estimated based on seven themes or questions included in the FLEMMS individual questionnaire, using a value set of 1 'satisfactory' and 2 'not satisfactory' (which also includes 'not answered independently' or 'no answer'). Themes included (1) name; (2) address; (3) date of birth; (4) highest school grade completed; (5) first simple arithmetic questions e.g., if a kilo of rice costs P25.00, how much will two kilos cost?; (6) second simple arithmetic questions e.g., if a kilo of sugar costs P38.00, how much will half a kilo cost?; and (7) reading comprehension \[[@B11-ijerph-16-00137]\]. All items were categorised into dichotomous variables (satisfactory or not satisfactory). A summary of the individual scores was used to determine the functional literacy level. Reading and writing skills were assessed based on the scores of themes 1 to 4, arithmetic skills on themes 5 and 6, and comprehension skills on theme 7.

Our study focuses on school-aged population. For the purpose of our analysis, school-aged children were defined as 10 to 19 years old (school-aged children and adolescents). FLEMMS survey did not collect information on children under 10 years old. In total, we analysed data from 11,313 school-aged children with complete information regarding functional literacy and demographic variables. Household level variables (e.g., socioeconomic status, WASH variables), and information regarding head of households such as adult functional literacy and education attainment were measured for a total of 10,339 heads of households which was extracted from FLEMMS household questionnaire ([Text S2](#app1-ijerph-16-00137){ref-type="app"}).

A total of 1506 barangays were included, 851 located in Luzon, 254 in the Visayas, and 401 in Mindanao ([Figure S1](#app1-ijerph-16-00137){ref-type="app"}).

### 2.2.3. Sociodemographic Indicators {#sec2dot2dot3-ijerph-16-00137}

We used data from the FLEMMS household and individual questionnaires on school-aged children and the heads of households, including age, sex, marital status, education level, employment, and occupation status. This indicator is described in detail in [Text S2](#app1-ijerph-16-00137){ref-type="app"}.

### 2.2.4. Water Supply, Sanitation and Hygiene (WASH) Indicators {#sec2dot2dot4-ijerph-16-00137}

We used data from the FLEMMS household questionnaire on the following WASH indicators: (a) main sources of drinking water (piped into dwelling, protected well, unprotected well, lake or pond or rain water or rivers, and other); (b) the types of toilet facility at home (flush toilet, pit toilet, and no toilet or bush or field); (c) main material of floor (natural floor earth or sand, bamboo or palm or wood, cement, and other); (d) main material of roof (palm or bamboo or wood, aluminium, and other); and (e) main material of outer walls of houses (bamboo or cane or palm or wood, cement, and other).

### 2.2.5. Socioeconomic Status (SES) Indicators {#sec2dot2dot5-ijerph-16-00137}

We used data from the FLEMMS household questionnaire which included a poverty indicator (dichotomous variable: poor or non-poor) generated using ownership of household amenities and conveniences (e.g., whether the home had electricity, refrigerator, washing machine, phone, cell phones, TV, CD, Karaoke or video machine, personal computer, tractor, boat, car, tricycle, motorcycle, bicycle) \[[@B11-ijerph-16-00137]\]. We used this binary poverty indicator as a proxy of household-level SES in order to classify households as either low or high SES.

### 2.2.6. Household Education Stimuli and Cognitive Stimulation {#sec2dot2dot6-ijerph-16-00137}

A total of 19 close-ended questions were selected from FLEMMS household questionnaire as the home inventory-proxy items. These included questions such as 'Does your family read newspapers?', 'Does your family listen to radio?', and 'Is there a personal computer at home?' The items were used to construct cognitive stimulation sub-indices. All of the individual items were translated into dichotomous (yes or no) variables. The total score is the summation of the individual item scores and was used as a covariate in our models. The components of the sub-indices are specified in [Text S2 and Table S1](#app1-ijerph-16-00137){ref-type="app"}.

### 2.2.7. Environmental Data {#sec2dot2dot7-ijerph-16-00137}

Data for average annual land surface temperature (LST), average annual rainfall, and distance to perennial water bodies (DPWB) were obtained from WorldClim ([www.worldclim.org](www.worldclim.org)). The normalised difference vegetation index (NDVI), which serves as a proxy measure of rainfall for a 1 km × 1 km grid cell resolution, was obtained from the National Oceanographic and Atmospheric Administrations' (NOAA) Advanced Very High Resolution Radiometer \[[@B28-ijerph-16-00137]\]. These variables were included because many known contributors to cognitive dysfunction such as communicable and non-communicable diseases are influenced by environmental factors \[[@B22-ijerph-16-00137],[@B25-ijerph-16-00137]\]. Other important environmental factors, such as land cover, land use, and soil were excluded due to unavailability of spatially referenced data. The environmental data used in this paper were extracted for the same year as the FLEMMS. Values of environmental variables at each survey location were extracted using geographic information system (GIS) software (ArcGIS version 10.4.0.5524) \[[@B29-ijerph-16-00137]\]. Electronic maps of the barangays were obtained from the geographic data warehouse DIVA GIS ([www.diva-gis.org/Data](www.diva-gis.org/Data)) and PhilGIS ([www.philgis.org](www.philgis.org)).

2.3. Spatial Analysis {#sec2dot3-ijerph-16-00137}
---------------------

### 2.3.1. Visualization of Spatial Heterogeneity of Prevalence of Functional Literacy Indicators {#sec2dot3dot1-ijerph-16-00137}

Functional illiteracy survey data were georeferenced to barangay centroids (longitude and latitude), which were estimated using the GIS software---Quantum GIS version 1.7.3 \[[@B30-ijerph-16-00137]\]. Spatial heterogeneity was assessed by using maps to visualise geographical variation of functional literacy indicators.

### 2.3.2. Models of Prevalence of Functional Literacy Indicators {#sec2dot3dot2-ijerph-16-00137}

The prevalence of functional illiteracy levels in school-aged children aged between 10 and 19 years was modelled by transforming the original 2008 FLEMMS functional literacy levels into an ordinal variable with the following categories: functional illiteracy (cannot read, write, compute, or comprehend), low functional literacy (can only read and write), moderate functional literacy (can only read, write, and compute), and functional literacy (can read, write, compute, and comprehend). We used "functional literacy" as a reference group in our models. We developed a single frequentist fixed-effects multinomial regression model using the statistical software package, Stata version 13.1 \[[@B31-ijerph-16-00137]\] to assess associations between the levels of functional literacy and covariates for each region of the Philippines (i.e., Luzon, the Visayas, and Mindanao).

We built three nested models ([Table A1](#ijerph-16-00137-t0A1){ref-type="table"}). Model 1 included sociodemographic factors such as age, sex, level of education, socioeconomic status (SES) factors and water, sanitation, and hygiene (WASH) factors. Model 2 included the variables in Model 1 plus household education stimuli factors, and Model 3 included the variables in Model 2 plus environmental variables.

We built our models this way in order to disentangle the effects of individual, household, and environmental variables on the prevalence of functional literacy. Collinearity between covariates was measured using pairwise correlation coefficients, estimated in Stata version 13.1 \[[@B31-ijerph-16-00137]\]. Non-linearity in the univariate relationships between environmental variables and prevalence of functional illiteracy levels were assessed and adjusted for by adding quadratic terms where appropriate. Model fit was assessed using Akaike's Information Criterion (AIC) \[[@B32-ijerph-16-00137]\]. Selection of candidate variables for the final multivariable model was conducted using univariable logistic regression models, with non-significant variables with Wald's *p* \> 0.2 excluded from further analysis. Backwards stepwise regression was conducted on the variables of the final multivariable model (Wald's *p* \< 0.05 as the entry criterion).

Marital status, employment, and occupation status were not found to be significantly associated with the prevalence of functional literacy in the preliminary multivariable models and thus were excluded from further analysis (Wald's *p* \> 0.2). We found collinearity between adult functional literacy rate and adult education attainment indicators, which provided support for the inclusion of adult functional literacy indicators only in our model.

We reported exponentiated coefficients in ratios of relative risks (RRR) which are equivalent to odds ratio in multinomial models. We transformed the estimated coefficients into RRR (e^b^) using a Stata command "*rrr*" in STATA \[[@B31-ijerph-16-00137]\].

### 2.3.3. Analysis of Spatial Clustering in Functional Literacy Indicators {#sec2dot3dot3-ijerph-16-00137}

We used semivariograms to examine the presence of spatial autocorrelation in the observed prevalence of each level of functional literacy and in the residuals of the final multinomial models (residual semivariograms) at each barangay using the statistical package geoR of R software version 3.1.1 (The R foundation for statistical computing, Vienna, Austria, [www.R-project.org](www.R-project.org)). Semivariograms were generated for each functional literacy indicator for each region. A semivariogram is a graphical representation of the spatial variation in a dataset.

In the case of residual semivariograms, these represent the spatial variation left unexplained by the covariates included in a model. The semivariogram is characterised by three parameters: the partial sill, which is the spatially structured component of the semivariance (indicative of the tendency for geographical clustering), the nugget, which is the spatially unstructured component of the semivariance (representing random variation, very small-scale spatial variability, or measurement error) and the range, which is the distance at which locations can be considered independent (indicative of the average size of geographical clusters) \[[@B33-ijerph-16-00137]\]. Semivariograms of model residuals were compared between the three nested models.

3. Results {#sec3-ijerph-16-00137}
==========

3.1. Dataset for Analysis {#sec3dot1-ijerph-16-00137}
-------------------------

We analysed data from 11,313 school-aged children aged 10 to 19 years, including information on functional literacy, household, and demographic variables, and barangay geolocation. The average age of school-aged children was 13.6 years ([Table 1](#ijerph-16-00137-t001){ref-type="table"}).

The observed prevalence of functional illiteracy in school-aged children was most prevalent in the Visayas followed by Mindanao and Luzon (7.5%, 6.9%, and 3.0%, respectively; [Table 1](#ijerph-16-00137-t001){ref-type="table"}). The observed prevalence of functional illiteracy of heads of households was higher in the Visayas and Mindanao compared to Luzon (15.0%, 15.0%, and 6.1%, respectively) ([Table 2](#ijerph-16-00137-t002){ref-type="table"}). At the regional level, a higher proportion of households was classified as poor in Mindanao (42.6%) compared to the Visayas (38.6%) and Luzon (28.5%), *p* \< 0.05) ([Table 2](#ijerph-16-00137-t002){ref-type="table"}). Luzon had higher average total education stimuli scores compared to Mindanao and the Visayas (*p* \< 0.05) ([Table 2](#ijerph-16-00137-t002){ref-type="table"} and [Figure S2](#app1-ijerph-16-00137){ref-type="app"}). Demographic characteristics of the heads of households are summarised in [Table 2](#ijerph-16-00137-t002){ref-type="table"}, and WASH characteristics are illustrated in [Figure S3](#app1-ijerph-16-00137){ref-type="app"}.

3.2. Spatial Distribution of Functional Literacy {#sec3dot2-ijerph-16-00137}
------------------------------------------------

A map of prevalence of functional illiteracy of school-aged children aged 10 to 19 years shows spatial heterogeneity between and within the three regions ([Figure 1](#ijerph-16-00137-f001){ref-type="fig"}). Functional illiteracy of greater than 20% prevalence was observed across a wider geographic area in the Visayas and Mindanao compared to Luzon ([Figure 1](#ijerph-16-00137-f001){ref-type="fig"}). The map suggests that in Luzon, a prevalence of functional illiteracy greater than 20% was observed in the northern part of the region, and prevalence greater than 15% was observed around the south-western part of Luzon ([Figure 1](#ijerph-16-00137-f001){ref-type="fig"}). The map indicates that in the Visayas, a prevalence of functional illiteracy of greater than 30% was observed in the eastern part of the region. Within Mindanao, functional illiteracy was distributed towards the south, south-eastern, and south-western parts of the region ([Figure 1](#ijerph-16-00137-f001){ref-type="fig"}).

Our maps illustrate that school-aged children with moderate and low functional literacy were spatially distributed across all regions of the Philippines ([Figures S4 and S5](#app1-ijerph-16-00137){ref-type="app"}).

[Figure 2](#ijerph-16-00137-f002){ref-type="fig"} shows that of the school-aged children who reside in Luzon (6616), 22.8% were classified as having moderate functional literacy, 5.5% were low functional literate, and 3% were functionally illiterate.

3.3. Models of Prevalence of Functional Literacy Indicators {#sec3dot3-ijerph-16-00137}
-----------------------------------------------------------

For all regions, the model which included sociodemographic, SES, WASH, household education stimuli, and environmental variables (Model 3) fitted the data best (lowest AIC) \[[@B32-ijerph-16-00137]\], and the results for prevalence of functional illiteracy are summarised in [Table 3](#ijerph-16-00137-t003){ref-type="table"}. The results for prevalence of moderate functional literacy and prevalence of low functional literacy are summarised in [Table 4](#ijerph-16-00137-t004){ref-type="table"} and [Table 5](#ijerph-16-00137-t005){ref-type="table"}.

Across all regions, age of school-aged children and illiteracy level of the heads of household were positively associated with the prevalence of all levels of functional literacy, except in Luzon where age was not associated with the prevalence of low functional literacy. Females (compared to males) were negatively associated with prevalence of functional illiteracy in Luzon and Mindanao (*p* \< 0.001 and *p* = 0.03, respectively). Highest education attainment was negatively associated with prevalence of all levels of functional literacy in all regions (between *p* = 0.05 and *p* \< 0.001), except in the Visayas where this association was observed only for the prevalence of functional illiteracy (*p* \< 0.001).

High SES was negatively associated with low functional literacy (*p* \< 0.001) ([Table 5](#ijerph-16-00137-t005){ref-type="table"}). 'Lake or pond or rainwater and rivers' as main source of drinking water compared to 'piped into dwelling' (*p* \< 0.001), and household education stimuli score were negatively associated with functional illiteracy (ratio of relative risks \[RRR\], 0.92; *p* = 0.01). Households in Luzon without access to toilets were positively associated with functional illiteracy compared to households with flush toilets (\[RRR\], 2.26; *p* = 0.03) ([Table 3](#ijerph-16-00137-t003){ref-type="table"}).

In the Visayas, 29.3% of school-aged children were classified as having moderate functional literacy, 8% were low functional literate, and 7.5% were functionally illiterate ([Figure 2](#ijerph-16-00137-f002){ref-type="fig"}). Protected well as a source of drinking water (*p* = 0.01), and LST were negatively associated with moderate functional literacy (*p* = 0.02); household education stimuli was negatively associated with moderate and low functional literacy (both *p* = 0.03). SES was negatively associated with functional illiteracy, albeit non-significant (*p* = 0.07).

In Mindanao, 32.6% of school-aged children were classified as having moderate functional literacy, 5.5% were low functional literate, and 6.9% were functionally illiterate ([Figure 2](#ijerph-16-00137-f002){ref-type="fig"}). Household education stimuli was negatively associated with low functional literacy (*p* = 0.05), and DPWB was positively associated with low functional literacy (*p* \< 0.001). SES was negatively associated with functional illiteracy (\[RRR\], 0.50; *p* = 0.01). DPWB (\[RRR\], 1.25; *p* = 0.02) and NDVI (\[RRR\], 1.42; *p* = 0.01) was positively associated with functional illiteracy, while rainfall (\[RRR\], 0.73; *p* = 0.01) and LST (\[RRR\], 0.75; *p* = 0.05) were negatively associated.

3.4. Spatial Dependence in Functional Literacy Indicators {#sec3dot4-ijerph-16-00137}
---------------------------------------------------------

Our results indicate spatial dependency in the prevalence of all three functional literacy indicators ([Figure 3](#ijerph-16-00137-f003){ref-type="fig"} and [Figures S6--S8](#app1-ijerph-16-00137){ref-type="app"}).

Across all regions, we observed larger cluster size after adjusting for the effect of covariates. In Luzon, 52% of the variance in moderate functional literacy was spatially structured with an average cluster size of 1.2 km. After adjusting for the effect of covariates in Model 3, the percentage of overall variance that was spatially structured and the average size of clusters of moderate functional literacy were 64% and 1.7 km respectively ([Table S2](#app1-ijerph-16-00137){ref-type="app"}). For low functional literacy, 95.3% of the variance was spatially structured with an average cluster size of 0.7 km. After adjusting for the effect of covariates in Model 3, the percentage of overall variance that was spatially structured and the average size of clusters of low functional literacy were 83% and 3.3 km respectively ([Table S3](#app1-ijerph-16-00137){ref-type="app"}). For functional illiteracy, 63.3% of the variance in functional illiteracy was spatially structured with an average cluster size of 1.3 km. After adjusting for the effect of covariates in Model 3, 83% of the variation was spatially structured and the average size of cluster was 3.3 km ([Table 6](#ijerph-16-00137-t006){ref-type="table"}).

In the Visayas, 73.8% of the variance in functional illiteracy was spatially structured with an average cluster size of 30.7 km ([Table 6](#ijerph-16-00137-t006){ref-type="table"}). After adjusting for the covariates, residual spatial dependency of functional illiteracy was no longer visible in that the semivariograms of all three models showed a spatial trend in the prevalence of functional illiteracy but no clustering. Our findings demonstrate spatial dependency only in the raw prevalence of functional illiteracy ([Figure 3](#ijerph-16-00137-f003){ref-type="fig"}).

In Mindanao, 27.4% of the variance in moderate functional literacy was spatially structured with an average cluster size of 31.3 km. After adjusting for the effect of covariates in Model 3, 3.4% of the variation was spatially structured, the average size of cluster was unchanged ([Table 6](#ijerph-16-00137-t006){ref-type="table"}), and 48% of the variance in functional illiteracy was spatially structured with an average cluster of 25 km. After adjusting for the effect of covariates included in Model 3, 26.2% of the variance was spatially structured, and the average size of cluster was 69.47 km ([Table 6](#ijerph-16-00137-t006){ref-type="table"}). Our results indicated spatial dependency in the prevalence of moderate functional literacy ([Figure S7](#app1-ijerph-16-00137){ref-type="app"}), and functional illiteracy ([Figure 3](#ijerph-16-00137-f003){ref-type="fig"}).

4. Discussion {#sec4-ijerph-16-00137}
=============

Functional literacy is a key indicator of cognitive function, especially information processing and comprehension, and has been used to measure cognitive function in school-aged children in previous studies \[[@B15-ijerph-16-00137],[@B34-ijerph-16-00137],[@B35-ijerph-16-00137],[@B36-ijerph-16-00137],[@B37-ijerph-16-00137]\]. Evaluation of geographical determinants of functional literacy is critical for designing and implementing spatially targeted interventions which could contribute to efficiently attaining the Sustainable Development Goals (SDGs) for functional literacy in school-aged children in the Philippines \[[@B38-ijerph-16-00137]\].

This study represents the first nation-wide population based spatial epidemiological study investigating geographical disparities in functional literacy indicators and its association with individual-level variables (sociodemographic factors), household-level variables (SES, WASH, household education stimuli factors), and environmental variables (DPWB, LST, NDVI, rainfall). Our study indicates that the prevalence of functional illiteracy is heterogeneous in the Philippines while showing important regional differences in key determinants of functional illiteracy.

4.1. The Role of Household WASH and Educational Stimuli in the Spatial Variation of Functional Illiteracy in Luzon {#sec4dot1-ijerph-16-00137}
------------------------------------------------------------------------------------------------------------------

Household WASH variables including type of toilet facility and the main sources of drinking water were found to be important determinants of the prevalence of functional illiteracy in the region of Luzon. Households in Luzon without access to toilets had higher prevalence of functional illiteracy compared to households with flush toilets.

Previous studies have demonstrated that practice of open defecation increases the risk of childhood stunting, and transmission of infectious diseases \[[@B39-ijerph-16-00137],[@B40-ijerph-16-00137]\]. Available evidence suggests that households with access to unprotected drinking water sources are at increased risk of infectious diseases such as cholera, and other bacterial and infectious diarrhoeal diseases which are also known to affect children's development \[[@B41-ijerph-16-00137],[@B42-ijerph-16-00137]\]. Our results show that the use of unprotected drinking water sources (lake, pond, rainwater or rivers) is also associated with reduced functional illiteracy.

Our findings may be confounded by the fact that unprotected drinking water sources are more likely to be present in agricultural communities where access to food and nutritional security are maintained through local food production. Natural rivers and lakes are often used as sources of agricultural irrigation and water for livestock \[[@B43-ijerph-16-00137]\]. Indeed, previous studies indicate that food security has a positive impact on nutritional status and the long-term cognitive development of children \[[@B44-ijerph-16-00137]\]. Further investigation is needed to examine the factors mediating the relation between access to water sources and the prevalence of functional illiteracy identified in this study.

Our results also demonstrate that in Luzon, the quality of the home environment is an important predictor of functional literacy of school-age children. Indeed, our results showed that of the three regions, Luzon had the lowest proportion of households classified as poor and that the average total scores of households' education stimuli were higher in Luzon compared to the Visayas and Mindanao. This may mean that household education stimuli available to children in Luzon reflects not only household SES but that there is variability of household education stimuli scores within SES classes. Previous studies also found house environment mediated the association between family SES and executive functions of inhibitory control and working memory in school-aged children \[[@B45-ijerph-16-00137]\].

Taken together, our findings suggest that functional literacy in Luzon may benefit from health promotion interventions that improve personal hygiene practices, which could play a key role in mediating the effects of infectious diseases and malnutrition, and assist families with providing a stimulating environment for children of school age.

4.2. The Role of Environment and Socioeconomic Status (SES) in the Spatial Variation of Functional Illiteracy in the Visayas and Mindanao {#sec4dot2-ijerph-16-00137}
-----------------------------------------------------------------------------------------------------------------------------------------

Environmental factors and poverty play important roles in the spatial variation of functional illiteracy in the Visayas and Mindanao. While our results indicate that environmental determinants play different roles in functional illiteracy depending on the region, the effects of environmental variables on the spatial variation of functional illiteracy were greatest in Mindanao.

The Philippines frequently experiences droughts, typhoons, and flooding which lead to the destruction of crops, land degradation, and siltation of irrigation systems caused by severe erosion \[[@B46-ijerph-16-00137]\]. Such extreme weather events are of concern particularly among households in Mindanao where agriculture and fisheries are the major economic activities. Evidence suggests that since early 2000 extreme weather events including long periods of high temperatures and intense rainfall have intensified in Mindanao \[[@B47-ijerph-16-00137]\]. Farming communities are particularly vulnerable to climate-associated food insecurity which has a negative impact on the nutritional status and child development in affected populations, as well as increasing the susceptibility to disease \[[@B44-ijerph-16-00137],[@B47-ijerph-16-00137]\].

Our findings showed that low SES was positively associated with functional illiteracy in Mindanao. Evidence suggests a possible link (behavioural and neurobiological) between low SES and functioning of different domains of neurocognitive systems including children's performance on language and literacy skills \[[@B19-ijerph-16-00137],[@B48-ijerph-16-00137]\]. This relation is mediated by different mechanism such as parenting behaviour, linguistic stimulation and children's experience of stress \[[@B19-ijerph-16-00137]\].

The observed association could also be explained by the effect of malnutrition in the poorest areas of Mindanao. Our map of the spatial distribution of functional illiteracy in Mindanao ([Figure 1](#ijerph-16-00137-f001){ref-type="fig"}) shows a higher rate of functional illiteracy in western Mindanao, known for its high prevalence of underweight, stunting, and wasting in children \[[@B49-ijerph-16-00137],[@B50-ijerph-16-00137]\]. Furthermore, Mindanao has suffered social and political conflict for many years which have led to greater food insecurity, limited land use options, and a higher rate of poverty in this region \[[@B47-ijerph-16-00137]\]. Further investigation is needed to understand the factors that mediate the association between SES and functional illiteracy in Mindanao and the Visayas.

Taken together, our findings suggest that poverty is likely to be a key determinant of malnutrition in this region, explaining the geographical heterogeneity of functional illiteracy indicators. Areas with high rates of poverty may benefit from integrated interventions that aim to reduce malnutrition in school-aged children.

4.3. Limitations {#sec4dot3-ijerph-16-00137}
----------------

The results of this study need to be interpreted in light of several limitations. Our estimates of functional illiteracy indicators rely on performance-based functional literacy data. Although these tools are designed to measure different domains of cognitive functioning in school-age children, performance-based measurement tools may be differentially related to the outcome---for example participants who completed self-reported questionnaires may have had a chance to ask interviewers questions and get support when required \[[@B51-ijerph-16-00137]\].

Further, our data are from the 2008 FLEMMS survey and may not reflect the current situation. However, these data constitute the most comprehensive and up to date information on functional illiteracy in the Philippines and yield novel insights into the ways environmental input can affect child development. Data on literacy rates are scarce due to the costs involved in their collection and processing \[[@B8-ijerph-16-00137]\] and in the Philippines, census data are collected every ten years \[[@B7-ijerph-16-00137]\]. The latest data on literacy were collected in 2010, however information on functional literacy rate has not been updated in the report produced by the Philippines government since 2008 \[[@B6-ijerph-16-00137],[@B7-ijerph-16-00137]\]. It is notable, however, that the rate of functional literacy has not seen much improvement in the last three FLEMMS surveys (83.8% in 1994, 84.1% in 2003, and 86.4% in 2008 (data from 1989 was not available for comparison)) \[[@B7-ijerph-16-00137]\] and therefore we do not expect much difference in the current situation.

In addition, we used an ecological approach, using secondary data on environmental predictors of functional illiteracy such as climate and SES \[[@B44-ijerph-16-00137],[@B52-ijerph-16-00137]\]. Some of these proxies are imprecise measurements of exposure, resulting in regression dilution bias leading to underestimation of the observed effects \[[@B53-ijerph-16-00137]\].

Further, we created our own home inventory-proxy measurement (education stimuli measure), so our results cannot be readily compared with the standard home-inventory index questionnaire \[[@B54-ijerph-16-00137],[@B55-ijerph-16-00137],[@B56-ijerph-16-00137]\]. Our education stimuli measure included selected variables in the FLEMMS survey, which attempt to document whether access to learning materials and activities would improve cognitive function of school-aged children \[[@B57-ijerph-16-00137],[@B58-ijerph-16-00137],[@B59-ijerph-16-00137]\]. Nevertheless, our results indicated that there is evidence for a degree of specificity of the effect of household education stimuli. Our education stimuli score appeared to be a reasonably reliable scale with moderate correlations with SES element, which was based on ownership of household amenities (a pairwise correlation coefficient of 0.36).

Finally, our paper highlights the need of a complementary modelling approach that could be used to investigate potential reverse causation. While standard multivariate regression models may be useful for exploring the effects of predictor variables on the outcome variable, it may not be sufficient to explain the interrelation (associations and dependency) between multiple interdependent variables \[[@B60-ijerph-16-00137],[@B61-ijerph-16-00137]\]. Previous studies showed that maternal literacy can improve the health navigation skills of mothers, which leads to child mortality reduction \[[@B34-ijerph-16-00137],[@B62-ijerph-16-00137]\]. Multiple determinants of literacy have variable impact depending on where and how they are embedded in a child's life. Future studies need to account for the complex interdependencies between these determinants.

5. Conclusions {#sec5-ijerph-16-00137}
==============

Our study demonstrates that functional literacy is heterogeneous in the Philippines and that the determinants of functional literacy vary between regions. The results support the need for geographically targeted interventions that consider the context-specific determinants identified in this study. In the context of the current work, this is particularly relevant in order for the Philippines to achieve the Sustainable Development Goals for literacy by 2030. More broadly, our findings demonstrate an approach that can guide policy makers elsewhere, to design geographically targeted intervention programs for populations most in need.
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###### 

List of covariates included in the models.

  Models    Covariates Included in the Model               
  --------- ---------------------------------- --- --- --- ---
  Model 1   ✓                                  ✓   ✓   ✗   ✗
  Model 2   ✓                                  ✓   ✓   ✓   ✗
  Model 3   ✓                                  ✓   ✓   ✓   ✓
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Semivariograms of prevalence of functional illiteracy in school-aged children.
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###### 

Demographic characteristics of school-aged children, stratified by regions of the Philippines.

  Variables                      Regions                                                     
  ------------------------------ ------------------------------- ------------- ------------- -------------
  Age                            Mean age (Standard deviation)   13.5 (2.37)   13.6 (2.46)   13.8 (2.50)
  Sex                            Male                            3427 (51.8)   924 (50.9)    1485 (51.5)
  Female                         3189 (48.2)                     890 (49.1)    1398 (48.5)   
  Functional literacy level      Functional literacy             4544 (68.7)   1001 (55.2)   1584 (54.9)
  Moderate functional literacy   1506 (22.8)                     532 (29.3)    941 (32.6)    
  Low functional literacy        366 (5.5)                       145(8.0)      159 (5.5)     
  Functional illiteracy          200 (3.0)                       136 (7.5)     199 (6.9)     
  Highest education attainment   No grade completed              33 (0.5)      24 (1.3)      58 (2.0)
  Elementary level               3765 (56.9)                     1079 (59.5)   1730 (60)     
  High school level              2818 (42.6)                     711 (39.2)    1095 (38)     
  Employment status              Yes                             689 (10.0)    314 (17.3)    472 (16.4)
  No                             5927 (90.0)                     1500 (82.7)   2411 (83.6)   

Note: Unless otherwise indicated, values represent the absolute number followed by the percentage within parentheses.
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###### 

Demographic characteristics of the heads of households and household socioeconomic status and education stimuli score, stratified by regions of the Philippines.

  Variables                                                    Regions                                                          
  ------------------------------------------------------------ ------------------------------------ ------------- ------------- -------------
  Age                                                          Mean age (Standard deviation)        13.5 (2.37)   13.6 (2.46)   13.8 (2.50)
  Sex                                                          Male                                 3427 (51.8)   924 (50.9)    1485 (51.5)
  Female                                                       3189 (48.2)                          890 (49.1)    1398 (48.5)   
  Marital status                                               Single                               842 (14.5)    286 (17.1)    487 (16.9)
  Married                                                      4454 (76.9)                          1286 (75.8)   2210 (76.9)   
  Widow                                                        349 (6)                              95 (5.7)      130 (4.5)     
  Divorced                                                     146 (2.5)                            24 (1.4)      48 (1.7)      
  Functional literacy level                                    Functional literacy                  4544 (68.7)   1001 (55.2)   1584 (54.9)
  Moderate functional literacy                                 1506 (22.8)                          532 (29.3)    941 (32.6)    
  Low functional literacy                                      366 (5.5)                            145(8)        159 (5.5)     
  Functional illiteracy                                        200 (3)                              136 (7.5)     199 (6.9)     
  Highest education attainment                                 No grade completed                   33 (0.5)      24 (1.3)      58 (2)
  Elementary level                                             3765 (56.9)                          1079 (59.5)   1730 (60)     
  High school level                                            2818 (42.6)                          711 (39.2)    1095 (38)     
  Occupation                                                   Worked for private household         1787 (30.8)   485 (29)      707 (24.6)
  Worked for government                                        94 (1.6)                             33 (2)        72 (2.5)      
  Worked with pay on own family-operated Farm or business      1890 (32.6)                          647 (38.7)    1037 (36.1)   
  Worked without pay on own family-operated farm or business   544 (9.4)                            189 (11.3)    395 (13.7)    
  Unemployed                                                   1476 (25.6)                          319 (19)      664 (23.1)    
  Socioeconomic status (SES)                                   Poor---Low SES                       1925 (33.2)   713 (42.6)    1434 (49.9)
  Non-poor---High SES                                          3866 (66.8)                          960 (57.4)    1441 (50.1)   
  Household education stimuli score                            Average Score (Standard deviation)   8.12 (3.28)   7.56 (3.14)   7.03 (3.33)
  95% Confidence Interval                                      8.04, 8.20                           7.01, 7.71    6.91, 7.15    

Note: Unless otherwise indicated, values represent the absolute number followed by the percentage within parentheses.
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###### 

Association of selected covariates with functional illiteracy in school-aged children in the Philippines.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Covariates                                                    Luzon                                                   The Visayas     Mindanao                                                                         
  ------------------------------------------------------------- ------------------------------------------------------- --------------- -------------- -------------- --------------------------------- ---------------- ------
  Sociodemographic                                              Age in years (continuous)                               1.01\           0.90           1.90\          0.06                              1.09\            0.09
                                                                                                                        (0.92, 1.10)                   (0.99, 1.22)                                     (0.98, 1.19)     

  Female (vs. Male)                                             0.47\                                                   \*\*\*          0.71\          0.11           0.61\                             \*               
                                                                (0.33, 0.66)                                                            (0.47, 1.08)                  (0.39, 0.950)                                      

  Elementary level (vs. No grade completed)                     0.01\                                                   \*\*\*          0.05\          \*\*\*         1.36 × 10^−8^\                    \*\*\*           
                                                                (0.00, 0.05)                                                            (0.01, 0.16)                  (3.07 × 10^−9^, 6.01 × 10^−8^)                     

  High school level (vs. No grade completed)                    0.002\                                                  \*\*\*          0.01\          \*\*\*         1.63 × 10^−9^\                    \*\*\*           
                                                                (0.00, 0.01)                                                            (0.00, 0.01)                  (3.42 × 10^−10^, 7.83 × 10^−9^)                    

  Mean functional illiteracy levels of the heads of household   2.58\                                                   \*\*\*          4.74\          \*\*\*         6.29\                             \*\*\*           
                                                                (1.86, 3.58)                                                            (3.05, 7.38)                  (3.94, 10.08)                                      

  SES ^c^                                                       High SES (vs. Low SES)                                  1.09\           0.69           0.66\          0.07                              0.50\            \*\*
                                                                                                                        (0.72, 1.63)                   (0.42, 1.04)                                     (0.31, 0.82)     

  Main sources of drinking water for members of household       Protected well (vs. Piped into dwelling)                0.89\           0.53           1.43\          0.22                              1.01\            0.97
                                                                                                                        (0.63, 1.27)                   (0.90, 2.57)                                     (0.59, 1.70)     

  Unprotected well (vs. Piped into dwelling)                    1.15\                                                   0.72            1.45\          049            0.39\                             0.07             
                                                                (0.55, 2.45)                                                            (0.49, 4.24)                  (0.15, 1.07)                                       

  Lake/pond/rain water/rivers (vs. Piped into dwelling)         1.09 × 10^−9^\                                          \*\*\*          1.36\          0.99           2.06\                             0.34             
                                                                (3.30 × 10^−10^, 3.60 × 10^−9^)                                         (0.50, 3.69)                  (0.47, 8.99)                                       

  Other (vs. Piped into dwelling)                               2.89\                                                   0.08            1.36\          0.54           0.51\                             0.17             
                                                                (0.87, 9.67)                                                            (0.50, 3.69)                  (0.19, 1.34)                                       

  The types of toilet facility at home                          Pit toilet (vs. Flush toilet)                           0.98\           0.95           0.42\          0.12                              0.66\            0.32
                                                                                                                        (0.50, 1.92)                   (0.14, 1.27)                                     (0.29, 1.50)     

  No toilet/bush/field (vs. Flush toilet)                       2.26\                                                   \*\*            1.49\          0.34           0.44\                             0.14             
                                                                (1.19, 4.27)                                                            (0.65, 3.45)                  (0.15, 1.29)                                       

  Main material of floor                                        Bamboo/palm/wood floor (vs. Natural floor earth/sand)   0.65\           0.22           1.45\          0.35                              0.96\            0.92
                                                                                                                        (0.33, 1.29)                   (0.66, 3.45)                                     (0.48, 1.95)     

  Cement floor (vs. Natural floor earth/sand)                   0.74\                                                   0.26            0.76\          0.48           0.50\                             0.11             
                                                                (0.44, 1.25)                                                            (0.35, 1.64)                  (0.21, 1.17)                                       

  Other floor (vs. Natural floor earth/sand)                    0.78\                                                   0.46            1.55\          0.32           0.79\                             0.66             
                                                                (0.39, 1.53)                                                            (0.66, 3.66)                  (0.27, 2.31)                                       

  Main material of outer walls of houses                        Aluminium walls (vs. Bamboo/palm/wood)                  0.89\           0.59           1.39\          0.32                              1.39\            0.39
                                                                                                                        (0.61, 1.32)                   (0.72, 2.67)                                     (0.66, 2.92)     

  Other walls (vs. Bamboo/palm/wood)                            0.52\                                                   0.16            1.21\          0.75           1.07\                             0.91             
                                                                (0.20, 1.31)                                                            (0.38, 3.89)                  (0.34, 3.39)                                       

                                                                Household education stimuli mean score                  0.92\           \*\*           1.02\          0.75                              0.96\            0.29
                                                                                                                        (0.87, 0.98)                   (0.93, 1.11)                                     (0.89, 1.04)     

  Environment                                                   DPWB ^d^                                                1.12\           0.38           0.80\          0.71                              1.25\            \*
                                                                                                                        (0.87, 1.42)                   (0.59, 1.08)                                     (1.02, 1.53)     

  DPWB\^2                                                       0.84\                                                   0.01            1.03\          0.72           N/A                               N/A              
                                                                (0.74, 0.95)                                                            (0.88, 1.19)                                                                     

  LST ^e^                                                       0.97\                                                   0.78            0.84\          0.52           0.75\                             \*               
                                                                (0.77, 1.21)                                                            (0.49, 1.43)                  (0.56, 0.99)                                       

  LST\^2                                                        0.99\                                                   0.62            0.89\          0.13           N/A                               N/A              
                                                                (0.97, 1.02)                                                            (0.77, 1.04)                                                                     

  NDVI ^f^                                                      0.94\                                                   0.71            1.74\          0.06           1.42\                             \*\*             
                                                                (0.65, 1.34)                                                            (0.98, 3.09)                  (1.09, 1.84)                                       

  NDVI\^2                                                       1.02\                                                   0.68            1.59\          0.01           N/A                               N/A              
                                                                (0.93, 1.11)                                                            (1.12, 2.25)                                                                     

  Rain                                                          1.27\                                                   0.22            1.10\          0.65           0.73\                             \*\*             
                                                                (0.87, 1.85)                                                            (0.72, 1.69)                  (0.58, 0.92)                                       

  Rain\^2                                                       0.96\                                                   0.40            0.84\          0.12           N/A                               N/A              
                                                                (0.87, 1.06)                                                            (0.67, 1.05)                                                                     

                                                                Intercept                                               10.12\          0.03           0.16\          0.11                              13.75\           0.00
                                                                                                                        (1.29, 79.37)                  (0.02, 1.54)                                     (11.87, 15.62)   
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Note: Reference group = functional literacy. ^a^ RRR = ratios of relative risks; ^b^ 95CI = 95% confidence interval; ^c^ SES = socioeconomic status; ^d^ DPWB = distance to perennial water body; ^e^ LST = land surface temperature; ^f^ NDVI = normalised difference vegetation index; \* = statistically significant (*p* \< 0.05); \*\* = statistically significant (*p* \< 0.01); \*\*\* = statistically significant (*p* \< 0.001).
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###### 

Association of selected covariates with moderate functional literacy in school-aged children in the Philippines (Model 3).

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Covariates                                                    Luzon                                                   The Visayas    Mindanao                                                                      
  ------------------------------------------------------------- ------------------------------------------------------- -------------- -------------- -------------- ------------------------------- --------------- --------
  Sociodemographic                                              Age in years (continuous)                               1.09\          \*\*\*         1.05\          0.07                            1.09\           \*\*\*
                                                                                                                        (1.05, 1.12)                  (0.99, 1.12)                                   (1.05, 1.14)    

  Female (vs. Male)                                             0.79\                                                   \*\*\*         0.99\          0.98           0.76\                           \*\*\*          
                                                                (0.79, 0.89)                                                           (0.78, 1.28)                  (0.64, 0.89)                                    

  Elementary level (vs. No grade completed)                     0.26\                                                   \*             0.33\          0.07           2.21 × 10^−6^\                  \*\*\*          
                                                                (0.07, 1.02)                                                           (0.10, 1.09)                  (2.63 × 10^−7^,0.00)                            

  High school level (vs. No grade completed)                    0.15\                                                   \*\*           0.21\          \*\*           9.57 × 10^−7^\                  \*\*\*          
                                                                (0.04, 0.57)                                                           (0.06, 0.71)                  (1.21 × 10^−7^,7.55 × 10^−6^)                   

  Mean functional illiteracy levels of the heads of household   1.81\                                                   \*\*\*         1.34\          \*             2.24\                           \*\*\*          
                                                                (1.55, 2.12)                                                           (1.04, 1.73)                  (1.73, 2.89)                                    

  SES ^c^                                                       High SES (vs. Low SES)                                  0.92\          0.38           0.84\          0.24                            0.96\           0.73
                                                                                                                        (0.77, 1.10)                  (0.64, 1.12)                                   (0.75, 1.23)    

  Main sources of drinking water for members of household       Protected well (vs. Piped into dwelling)                1.04\          0.61           0.65\          \*\*                            1.16\           0.30
                                                                                                                        (0.89, 1.21)                  (0.48, 0.89)                                   (0.87, 1.54)    

  Unprotected well (vs. Piped into dwelling)                    1.02\                                                   0.89           0.73\          0.21           0.96\                           0.84            
                                                                (0.72, 1.46)                                                           (0.45, 1.19)                  (0.75, 1.23)                                    

  Lake/pond/rain water/rivers (vs. Piped into dwelling)         0.83\                                                   0.59           1.33\          0.45           0.83\                           0.74            
                                                                (0.42, 1.63)                                                           (0.64, 1.12)                  (0.28, 2.44)                                    

  Other (vs. Piped into dwelling)                               1.45\                                                   0.11           1.06\          0.88           0.69\                           0.19            
                                                                (0.92, 2.29)                                                           (0.50, 2.23)                  (0.39, 1.20)                                    

  The types of toilet facility at home                          Pit toilet (vs. Flush toilet)                           0.84\          0.26           0.54\          0.11                            1.01\           0.95
                                                                                                                        (0.61, 1.14)                  (0.26, 1.16)                                   (0.67, 1.54)    

  No toilet/bush/field (vs. Flush toilet)                       1.09\                                                   0.61           0.84\          0.43           1.07\                           0.78            
                                                                (0.77, 1.55)                                                           (0.55, 1.29)                  (0.67, 1.72)                                    

  Main material of floor                                        Bamboo/palm/wood floor (vs. Natural floor earth/sand)   1.02\          0.92           1.02\          0.94                            1.29\           0.23
                                                                                                                        (0.75, 1.39)                  (0.67, 1.54)                                   (0.85, 1.99)    

  Cement floor (vs. Natural floor earth/sand)                   1.09\                                                   0.48           1.07\          0.79           1.09\                           0.71            
                                                                (0.85, 1.41)                                                           (0.64, 1.79)                  (0.69, 1.72)                                    

  Other floor (vs. Natural floor earth/sand)                    1.04\                                                   0.81           1.08\          0.82           0.98\                           0.96            
                                                                (0.76, 1.41)                                                           (0.56, 2.09)                  (0.54, 1.78)                                    

  Main material of outer walls of houses                        Aluminium walls (vs. Bamboo/palm/wood)                  0.85\          0.09           1.02\          0.41                            1.06\           0.73
                                                                                                                        (0.70, 1.02)                  (0.67, 1.54)                                   (0.77, 1.46)    

  Other walls (vs. Bamboo/palm/wood)                            0.81\                                                   0.23           0.90\          0.74           1.01\                           0.98            
                                                                (0.58, 1.14)                                                           (0.49, 1.64)                  (0.57, 1.77)                                    

                                                                Household education stimuli mean score                  0.95\          \*\*\*         0.95\          \*                              0.98\           0.51
                                                                                                                        (0.93, 0.98)                  (0.91, 0.99)                                   (0.95, 1.03)    

  Environment                                                   DPWB ^d^                                                1.05\          0.43           1.12\          0.26                            1.10\           0.16
                                                                                                                        (0.94, 1.16)                  (0.92, 1.38)                                   (0.96, 1.31)    

  DPWB\^2                                                       1.02\                                                   0.36           1.01\          0.75           N/A                             N/A             
                                                                (0.98, 1.07)                                                           (0.93, 1.10)                                                                  

  LST ^e^                                                       1.02\                                                   0.79           0.70\          \*             0.89\                           0.16            
                                                                (0.91, 1.14)                                                           (0.53, 0.93)                  (0.76, 1.05)                                    

  LST\^2                                                        0.99\                                                   0.55           0.94\          \*\*           N/A                             N/A             
                                                                (0.98, 1.01)                                                           (0.89, 0.98)                                                                  

  NDVI ^f^                                                      0.95\                                                   0.59           0.98\          0.93           1.13\                           0.12            
                                                                (0.93, 0.98)                                                           (0.69, 1.41)                  (0.97, 1.31)                                    

  NDVI\^2                                                       0.98\                                                   0.41           1.20\          0.14           N/A                             N/A             
                                                                (0.92, 1.03)                                                           (0.94, 1.54)                                                                  

  Rain                                                          0.93\                                                   0.35           1.03\          0.82           1.00\                           0.95            
                                                                (0.79, 1.09)                                                           (0.78, 1.36)                  (0.85, 1.19)                                    

  Rain\^2                                                       1.04\                                                   0.08           1.00\          0.97           N/A                             N/A             
                                                                (0.99, 1.09)                                                           (0.89, 1.12)                                                                  

                                                                Intercept                                               0.68\          0.59           0.95\          0.95                            10.07\          0.00
                                                                                                                        (0.16, 2.92)                  (0.20, 4.49)                                   (8.52, 12.93)   
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Note: Reference group = functional literacy. ^a^ RRR = ratios of relative risks; ^b^ 95CI = 95% confidence interval; ^c^ SES = socioeconomic status; ^d^ DPWB = distance to perennial water body; ^e^ LST = land surface temperature; ^f^ NDVI = normalised difference vegetation index; \* = statistically significant (*p* \< 0.05); \*\* = statistically significant (*p* \< 0.01); \*\*\* = statistically significant (*p* \< 0.001).
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###### 

Association of selected covariates with low functional literacy in school-aged children in the Philippines (Model 3).

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Covariates                                                    Luzon                                                   The Visayas    Mindanao                                                                       
  ------------------------------------------------------------- ------------------------------------------------------- -------------- -------------- -------------- ------------------------------- ---------------- --------
  Sociodemographic                                              Age in years (continuous)                               1.06\          0.08           1.01\          0.82                            0.96\            0.32
                                                                                                                        (0.99, 1.13)                  (0.90, 1.34)                                   (0.88, 1.04)     

  Female (vs. Male)                                             0.70\                                                   \*\*\*         0.65\          0.06           0.79\                           0.14             
                                                                (0.56, 0.88)                                                           (0.42, 1.01)                  (0.57, 1.08)                                     

  Elementary level (vs. No grade completed)                     0.14\                                                   \*             0.86\          0.89           1.80 × 10^−7^\                  \*\*\*           
                                                                (0.26, 0.73)                                                           (0.09. 8.21)                  (3.30 × 10^−8^,9.79 × 10^−7^)                    

  High school level (vs. No grade completed)                    0.06\                                                   \*\*\*         0.29\          0.29           5.80 × 10^−8^\                  \*\*\*           
                                                                (0.01, 0.33)                                                           (0.03, 2.87)                  (9.97 × 10^−9^,3.37 × 10^−7^)                    

  Mean functional illiteracy levels of the heads of household   3.07\                                                   \*\*\*         4.43\          \*\*\*         3.12\                           \*\*\*           
                                                                (2.28, 4.12)                                                           (2.98, 6.57)                  (2.04, 4.78)                                     

  SES ^c^                                                       High SES (vs. Low SES)                                  0.66\          \*\*\*         0.69\          0.11                            0.82\            0.36
                                                                                                                        (0.49, 1.62)                  (0.44, 1.09)                                   (0.53, 1.27)     

  Main sources of drinking water for members of household       Protected well (vs. Piped into dwelling)                1.25\          0.13           1.13\          0.64                            1.12\            0.63
                                                                                                                        (0.94, 1.66)                  (0.68, 1.86)                                   (0.71, 1.78)     

  Unprotected well (vs. Piped into dwelling)                    0.88\                                                   0.69           0.41\          0.12           0.91\                           0.79             
                                                                (0.49, 1.62)                                                           (0.68, 1.86)                  (0.46, 1.79)                                     

  Lake/pond/rain water/rivers (vs. Piped into dwelling)         2.63\                                                   0.33           0.56\          0.34           0.91\                           0.07             
                                                                (0.38, 18.16)                                                          (0.17, 1.86)                  (0.46, 1.79)                                     

  Other (vs. Piped into dwelling)                               0.99\                                                   0.99           0.88\          0.83           3.04\                           0.11             
                                                                (0.26, 3.79)                                                           (0.25, 3.02)                  (0.46, 1.79)                                     

  The types of toilet facility at home                          Pit toilet (vs. Flush toilet)                           1.43\          0.16           0.31\          0.08                            1.78\            0.08
                                                                                                                        (0.87, 2.36)                  (0.08, 1.13)                                   (0.94, 3.39)     

  No toilet/bush/field (vs. Flush toilet)                       1.64\                                                   0.12           0.60\          0.17           1.25\                           0.59             
                                                                (0.88, 3.05)                                                           (0.28, 1.25)                  (0.55, 2.84)                                     

  Main material of floor                                        Bamboo/palm/wood floor (vs. Natural floor earth/sand)   0.75\          0.31           1.09\          0.78                            1.00\            0.99
                                                                                                                        (0.43, 1.32)                  (0.56, 2.15)                                   (0.45, 2.22)     

  Cement floor (vs. Natural floor earth/sand)                   1.02\                                                   0.92           0.86\          0.73           0.86\                           0.72             
                                                                (0.66, 1.59)                                                           (0.38, 1.96)                  (0.37, 1.99)                                     

  Other floor (vs. Natural floor earth/sand)                    1.06\                                                   0.83           1.23\          0.69           1.30\                           0.60             
                                                                (0.63, 1.79)                                                           (0.77, 2.04)                  (0.48, 3.49)                                     

  Main material of outer walls of houses                        Aluminium walls (vs. Bamboo/palm/wood)                  0.93\          0.69           1.25\          0.36                            1.27\            0.39
                                                                                                                        (0.66, 1.32)                  (0.77, 2.04)                                   (0.73, 2.19)     

  Other walls (vs. Bamboo/palm/wood)                            1.06\                                                   0.83           0.41\          0.15           2.02\                           0.12             
                                                                (0.59, 1.89)                                                           (0.12, 1.38)                  (0.83, 4.89)                                     

                                                                Household education stimuli mean score                  0.89\          \*\*\*         0.85\          \*\*\*                          0.93\            \*
                                                                                                                        (0.85, 0.94)                  (0.79, 0.93)                                   (0.87, 1.00)     

  Environment                                                   DPWB ^d^                                                1.05\          0.66           1.42\          0.17                            1.49\            \*\*\*
                                                                                                                        (0.85, 1.30)                  (0.86, 2.33)                                   (1.18, 1.87)     

  DPWB\^2                                                       0.93\                                                   0.32           0.87\          0.07           NA                              NA               
                                                                (0.81, 1.07)                                                           (0.76, 1.01)                                                                   

  LST ^e^                                                       1.06\                                                   0.50           0.71\          0.32           0.83\                           0.11             
                                                                (0.89, 1.27)                                                           (0.38, 1.37)                  (0.67, 1.04)                                     

  LST\^2                                                        0.99\                                                   0.65           0.94\          0.24           NA                              NA               
                                                                (0.98, 1.01)                                                           (0.84, 1.04)                                                                   

  NDVI ^f^                                                      0.93\                                                   0.64           0.96\          0.87           1.07\                           0.56             
                                                                (0.67, 1.28)                                                           (0.57, 1.61)                  (0.85, 1.36)                                     

  NDVI\^2                                                       1.04\                                                   0.45           1.13\          0.64           NA                              NA               
                                                                (0.94, 1.14)                                                           (0.67, 1.92)                                                                   

  Rain                                                          1.02\                                                   0.88           1.13\          0.74           1.03\                           0.82             
                                                                (0.77, 1.35)                                                           (0.53, 2.41)                  (0.82, 1.28)                                     

  Rain\^2                                                       0.98\                                                   0.56           0.77\          0.12           NA                              NA               
                                                                (0.91, 1.05)                                                           (0.55, 1.07)                                                                   

                                                                Intercept                                               0.66\          0.69           0.24\          0.33                            13.09\           0.00
                                                                                                                        (0.08, 5.11)                  (0.01, 4.26)                                   (11.24, 14.94)   
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Note: Reference group = functional literacy. ^a^ RRR = ratios of relative risks; ^b^ 95CI = 95% confidence interval; ^c^ SES = socioeconomic status; ^d^ DPWB = distance to perennial water body; ^e^ LST = land surface temperature; ^f^ NDVI = normalised difference vegetation index; \* = statistically significant (*p* \< 0.05); \*\* = statistically significant (*p* \< 0.01); \*\*\* = statistically significant (*p* \< 0.001).
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###### 

Results of semivariograms for prevalence of functional illiteracy and moderate and low functional literacy.

  Indicators                                 Functional Illiteracy   Moderate Functional Literacy   Low Functional Literacy                                    
  ------------------------------------------ ----------------------- ------------------------------ ------------------------- --------------- ---------------- ---------------
  **Luzon**                                                                                                                                                    
  Partial sill                               0.0035                  0.0005                         0.0295                    0.0069          0.0271           0.002
  Nugget                                     0.002                   0.0001                         0.0271                    0.0039          0.0013           0.0004
  Practical range (km) ^a^                   0.012 (1.33)            0.03 (3.33)                    0.011 (1.22)              0.015 (1.67)    0.006 (0.67)     0.03 (3.33)
  \% of the variance due to clustering ^b^   63.62                   83.33                          52.16                     63.72           95.28            83.02
  **The Visayas**                                                                                                                                              
  Partial sill                               0.0096                  0.0176                         0.05                      0.0019          0.005            0.0011
  Nugget                                     0.0034                  0.0139                         0.04                      0.0051          0.001            0.0017
  Practical range (km) ^a^                   0.277 (30.74)           1.444 (160.28)                 0.0001 (0.01)             0.093 (10.32)   0.000 (0.01)     0.626 (69.49)
  \% of the variance due to clustering ^b^   73.83                   55.86                          55.56                     27.50           83.33            39.81
  **Mindanao**                                                                                                                                                 
  Partial sill                               0.0115                  0.0036                         0.0224                    0.0005          0.0006           0.0003
  Nugget                                     0.0126                  0.0101                         0.0593                    0.0128          0.0099           0.0003
  Practical range (km) ^a^                   0.229 (25.42)           0.632 (69.47)                  0.282 (31.30)             0.279 (30.97)   1.645 (180.98)   0.299 (33.19)
  \% of the variance due to clustering ^b^   47.66                   26.23                          27.37                     3.44            5.93             50.00

Note: ^a^ Calculation based on practical range multiplied by 111. 1 decimal degree = 111 km, 0.1 = 11 km, 0.01 = 1 km, 0.05 = 5 km, 0.005 = 500 m; ^b^ Calculation based on partial sill divided by sill (partial sill and nugget), multiplied by 100.
